Tri-organotin(IV) complexes of the triazolo-pyrimidine derivatives 4,5-dihydro-5-oxo-[1,2,4]triazolo-[1,5a]pyrimidine (5HtpO), 4,7-dihydro-5-methyl-7-oxo-[1,2,4]triazolo-[1,5a]pyrimidine (HmtpO), and 4,5,6,7-tetrahydro-5,7-dioxo-[1,2,4]triazolo-[1,5a]pyrimidine (H 2 tpO 2 ), and the diorganotin derivative n-Bu 2 Sn(tpO 2 ), were synthesized and characterized by means of infrared and 119 Sn Mö ssbauer spectroscopy. In all the complexes obtained the triazolopyrimidines act as multidentate ligands producing polymeric structures.
Introduction
The coordination chemistry of heterocyclic ligands is a field of increasing interest. Between them, 1,2,4-triazole- [1,5-a] pyrimidine (tp) derivatives are particularly studied because they are isomers of purines, and their coordination compounds can be considered as model systems for metal-ligand interactions observed in biological systems [1] . Triazolopyrimidines are versatile ligands for metal ions, the resulting complexes giving rise to a variety of structures including homo-and hetero-polynuclear compounds [1, 2] . Further interest in the field comes from the search of new compounds with antimicrobial activity [1] . Many transition metal complexes of triazolopyrimidines were so far studied, while no work has been reported, to our knowledge, on their organotin(IV) derivatives, despite the ascertained biocide properties of organotin(IV) compounds [3] . Here, we report on the synthesis and spectroscopic characterization of R 3 Sn(IV) (R = Me, n-Bu, Ph) and n-Bu 2 -Sn(IV) complexes of 4,5-dihydro-5-oxo- [ We also report on in vitro antimicrobial tests performed on n-Bu 3 Sn(HtpO 2 ) and Ph 3 Sn(HtpO 2 ).
The presence of oxygen heteroatoms furnishes interesting properties to the oxo-derivatives of tp, in particular it improves: (i) their acidic strength and (ii) the coordination capability of the nitrogen atom N(4), even in the molecular ligands by keto-enolic tautomerism [4] .
Experimental

Materials and methods
The products employed in the present study were obtained from C. Erba (Milan, Italy) and Sigma-Aldrich (Milan, Italy), unless otherwise stated, and used without further purification except methanol, which was distilled over magnesium. The ligands 5HtpO and H 2 tpO 2 were synthesized as previously reported [5, 6] .
Carbon, hydrogen and nitrogen assays were carried out with a Vario EL III elemental analyzer (Elementar GmbH, Germany).
The Mö ssbauer (nuclear c resonance) spectrometers, the related instrumentation and data reduction procedures were as previously described [7] . A 10 mCi Ca 119 SnO 3 source (RITVERC GmbH, St. Petersburg, Russia) was employed. The isomer shifts are relative to room temperature Ca 119 SnO 3 . Solution samples were quickly frozen by immersion in liquid nitrogen in order to obtain glassy absorbers. The 119 Sn Mö ssbauer parameters are reported in Tables 1 and 2. 13 C NMR spectra were recorded at 63 MHz with a Bruker AC 250 E instrument. Spectral data are reported in Table 2 .
Infrared spectra (nujol and hexachlorobutadiene mulls, CsI windows) were recorded with an FT-IR spectrometer Perkin-Elmer Spectrum One. Selected bands are reported in Table 3 .
Synthesis of the complexes
The complexes were obtained by reacting the proper organotin compound (2 mmol) with the triazolo-pyrimidine derivative (2 mmol) in methanol (20 mL), as below specified.
[ [n-Bu 2 Sn(tpO 2 ) 2 ] (7) was obtained by refluxing a mixture of H 2 tpO 2 and n-Bu 2 SnO (in both 1:1 and 2:1 ratios), or n-Bu 2 Sn(OMe) 2 (1:1 ratio) for 3 h. The solid white product was then filtered and dried in vacuo. m.p. 300°C (dec). Anal. Calc. for C 13 6 cfu/mL was added [8] . The plate was incubated at 37°C for 24 h; after this time the MICs were determined, by a microplate reader (ELX 800, Bio-Tek Instruments), as the lowest concentration of the compound whose optical density, read at 570 nm, was comparable to the negative control wells (broth only, without inoculum). For comparative purpose and quality control of the method we tested the antibiotic amikacin.
2.3.3. Antifungal activity 2.3.3.1. Determination of MICs by broth dilution. A series of solutions of each substance with a range of concentrations from 100 to 0.37 lg/mL (obtained by twofold serial dilution) was prepared in Sabouraud dextrose broth, using a stock solution of 10 mg/mL in ethanol. The test tubes were seeded using a fungal suspension containing $10 5 cfu/mL. The microbial cultures were incubated at 37°C for 24 h. The lowest concentration of substance which completely inhibited the growth of the test organism when compared with the growth of a drug-free control, but added with maximum volume of solvent, was considered the MIC. Amphotericin B was used for comparative purpose and quality control of the method. 
Inhibition of germ tube formation
Sabouraud dextrose broth containing 20% foetal bovine serum was used as medium in germ tube formation assay. 1 mL of a fungal suspension in 0.9% NaCl, whose transmittance at 570 nm was about 15%, was seeded in the medium described before, supplemented with several concentrations ranging from 3 to 0.78 lg/mL of n-Bu 3 Sn(HtpO 2 ) (5), its organotin precursor n-Bu 3 SnOCH 3 , and Ph 3 Sn(HtpO 2 ) (6) (that showed the best activity on C. albicans) and incubated at 37°C in shaking bath for 3 h. After this incubation time we determined, by counting in a hematocytometer, the number of cells with germ tube and we could calculate the inhibition percentages by comparing the sample with a drug-free growth control, but added with maximum concentration of solvent used to dissolve the substances, undergone to the same experimental conditions.
Biofilms susceptibility testing
C. albicans ATCC 10231 was cultivated in yeast nitrogen base (YNB) medium (Sigma) with 50 mM glucose at 37°C for 24 h. After this time it was diluted in the same medium to an optical density of 0.8 at 520 nm. [9] . 100 lL of such suspension were inoculated in wells of a 96-well plates at 37°C; after 24 h the wells were washed three times with 200 lL of sterile phosphate-buffered saline (PBS). The plates were air dried at 37°C and to each well, except in the case of positive (growth) controls, 100 lL broth Sabouraud were added, supplemented with concentrations ranging from 25 to 0.78 lg/mL, the MIC of n-Bu 3 Sn(HtpO 2 ) determined on planktonic form of the same strain. The plates were incubated at 37°C for 24 h; after this incubation time the medium was removed, the plates were air dried and then each well was filled with 100 lL of PBS adding 20 lL of a 5 mg/mL MTT (methylthiazotetrazolium) solution and incubated for 4 h at 37°C. The insoluble purple formazan, obtained by cleavage of MTT made by dehydrogenase enzymes of living cells, was dissolved with a mixture of acidic isopropyl alcohol and Triton X-100 (Sigma). The optical density of each well was read by a microplate reader (ELX 800, Bio-Tek Instruments) at 570 nm with background subtraction at 630 nm.
Comparison of optical density of positive control wells with those of sample enabled the calculation of inhibition percentages of our substance at several concentrations.
Biological activity data are reported in Tables 7 and 8 
Quantum chemical calculations
DFT calculations, with full geometry optimization, were performed on the 4,5,6,7-tetrahydro-5,7-dioxo-[1,2,4]triazolo-[1,5a]-pyrimidine (H 2 tpO 2 ) ligand, and on the two mono-anionic and on the di-anionic forms (see Fig. 3 ), by the hybrid B3LYP method and using the 6-31++G(D,P) basis set [10] . A vibration analysis was performed within the harmonic approximation, and the unscaled frequency values were compared with the corresponding experimental data. A two layers ONIOM calculation [11] , with full geometry optimization, was performed on two isomeric trans-di-n-butyl octahedral model complexes of di-n-butyltin(IV) with the tpO 2À 2 ligand, mimicking a truncated mono-dimensional polymer with cis-O 2 and trans-O 2 coordination, respectively (see Fig. 4) . The DFT B3lyp level, with the DZVP basis set [12] , was used for the higher layer, including the central di-n-butyltin moiety and the two coordinated tpO 2À 2 ligands; the semiempirical AM1 method was used for the lower layer. To neutralize the overall charge of the system, the external ligands were considered monoanionic. All calculations were performed by the Gaussian98 program package [13] . The 119 Sn Mö ssbauer nuclear quadrupole splitting was calculated by the calibration formula DE calcd = 0.93 AE V ± 0.58 mm s À1 [14] , where
and where V xx , V yy , V zz , following the condition jV zz j P jV yy j P jV xx j, are the eigenvalues of the diagonalized electric field gradient tensor, calculated at the same level of theory of the higher layer [14] .
Results and discussion
5HtpO derivatives
The most basic positions for the ligand in the molecular or anionic form appear to be, on the basis of semiempirical [5] and ab initio calculations [15] , N(3) and N(4), respectively (Fig. 1) .
X-ray structures of some transition metal complexes show that in most cases the ligand, in his neutral enolic or anionic form, bridges two metal ions through N(3), N(4) atoms [16, 4, 17] terized by an all-trans octahedral structure with two 5HtpO ligands coordinated through the N atom in position 3. The ionization of the ligand is normally associated to a shift of the m(C@O) absorption to lower wavenumbers, while an extra-shift has been attributed to the involvement of O(5) in coordination [16] . In fact, in the above mentioned copper complex [16] , where the triazolopyrimidine ligand binds the copper ions through N(3) and O(5), m(C@O) is at 1637 cm À1 , while in complexes where the ligand is N(3), N(4) coordinated, m(C@O) appears near 1650 cm À1 [16] . In the Me 3 Sn(5tpO) and n-Bu 3 Sn(5tpO) complexes the m(C@O) absorption is observed at 1627 cm À1 strongly suggesting the involvement of the exocyclic oxygen in the bond (Table 3) .
The 119 Sn Mö ssbauer quadrupole splitting values, reported in Table 1 , allow us to make the following considerations about the coordination geometry of compounds 1 and 2: (i) tetrahedral species, originated by unidentate ligand coordination, can be excluded on the basis of the DE values, considerably larger than those observed for compounds of such geometry (<3.2 mm s À1 , [19] ); (ii) the coordination number of tin may increase as a result of a bidentate, chelate or bridged bis-unidentate, coordination. Chelation through N(4), O(5) would be sterically favoured with respect to the N(3), N(4) one (see Fig. 1 ), consistently with the remarkable shift of the m(C@O) band. Two geometries would be in this case formally possible, i.e., fac-R 3 and mer-R 3 trigonal bipyramidal; in both cases a severely distorted structure would be expected, due to the narrow bite angle in the ligand. Assuming regular structures, the fac-R 3 configuration may be excluded, as the quadrupole splitting value would be considerably lower than that observed, while it falls in the characteristic range for mer-R 3 tbp complexes (2.99-4.08 mm s À1 [19] ). Actually, the distortions introduced by the O\N (or, possibly, N\N) chelation would preferentially give rise to a distorted tetrahedron with a long, additional tin-ligand bond [20] and a considerably lower quadrupole splitting value [19] .
As a result of the above considerations, the most reliable hypothesis is that the anionic ligand bridges two R 3 Sn IV units through O(5) and N(3) donor atoms. The observed quadrupole splitting values fully agree with such a structure. The geometry of the trimethyltin group may be deduced from the tin-carbon stretching modes which occur in the 550-500 cm À1 region of the infrared spectra. A trigonal-planar SnC 3 structure (local D 3h symmetry) will give rise to infrared-active m asym (Sn-C) modes, but also the m sym (Sn-C) mode will appear in the spectrum if there is significant deviation from planarity. In the infrared spectrum of Me 3 Sn(5tpO) an intense absorption at 557 cm À1 can be attributed to m asym (Sn-C); a much less intense band, at 514 cm À1 , is difficult to be attributed owing to the presence of many ligand absorptions, while a q(CH 3 ) intense band is present at 774 cm À1 . Hence, the infrared spectra support the hypothesis of the R 3 Sn group being planar or nearly planar in the proposed structure shown in Fig. 2. 
HmtpO derivatives
The literature data relative to transition metal complexes of HmtpO show a strong preference for the N(3) coordination [21] . When the ligand is in the anionic form, also a N(3),N(4) bridging coordination is observed in dinuclear [22] [23] [24] [25] or polynuclear complexes [25] . Only in one case ([Cu(mtpO) 2 (1,3-propane diamine)] AE 2H 2 O, [21] ) a N(1),O(7) chelation by mtpO À was reported while an O(7)-metal ion interaction was observed in the complexes Ag(NO 3 )(HmtpO) (O(7)-Ag = 2.69 Å ) [25] , Ag 3 (HSO 4 )(mtpO) 2 AE 3H 2 O (O(7)-Ag = 2.63 Å ) [25] and Ag(mtpO) (O(7)-Ag = 2.78 Å ) [26] . The infrared spectra of the complexes with the molecular form of the ligand (HmtpO), are generally characterized by a $20 cm À1 shift to high frequency [27, 21, 28] , but minimal changes were observed in some cases, including the chelate complex Ag(NO 3 )(HmtpO) [25, 29] , or a consistent shift to lower frequency [30, 27] . On the other hand, a 30-60 cm À1 shift to low frequency seems to be associated to the deprotonation of HmtpO [21, 30] . The sole exception is the above mentioned copper complex [21] , whose infrared spectrum is characterized by a very small shift of the m(C@O) band, from 1700 to 1695 cm À1 . The complexes Me 3 Sn(mtpO) (3) and n-Bu 3 Sn(mtpO) (4) were obtained neutralizing the triorganotin(IV) hydroxides with HmtpO and contain the ligand in the deprotonated form. Their infrared spectra (Table 3) show the expected shift to low frequency of the m(C@O) absorption band, associated with the ionization of the ligand: m(C@O) = 1702, 1620 and 1633 cm À1 for HmtpO, Me 3 Sn(mtpO) and n-Bu 3 Sn(mtpO), respectively.
In the spectrum of Me 3 Sn(mtpO) an intense absorption at 546 cm À1 may be attributed to the asymmetric tin-carbon stretching, while no absorptions are present which may be attributed to m sym (Sn-C). That is consistent with the presence of planar SnC 3 groups bridged by bis-monodentate mtpO À units. Mö ssbauer data (Table 1 ) support such hypothesis, the quadrupole splitting values being fully consistent with a trigonal bipyramidal structure (Fig. 2) with organic groups in the equatorial plane and electronegative groups in axial position. Donor atoms would be N(3) and N(1), as in {Ag(NO 3 )(l-HmtpO-j 2 N 1 ,N 3 )} n [25] . No evidence of a possible Sn-O(7) interaction can be extracted from the infrared spectra. A q(CH 3 ) intense band is present at 775 cm À1 in the infrared spectrum of Me 3 Sn(mtpO). 
H 2 tpO 2 derivatives
The most stable tautomers of the ligand in the molecular form (H 2 tpO 2 ) and in its monoanionic ðHtpO À 2 Þ and dianionic form ðtpO 2À 2 Þ, as derived from theoretical calculations [6, this work] are shown in Fig. 3 . The first ionization of the ligand involves the strongly acidic C(6) methylene group (pK a1 = 2.9) [6] , while the second ionization (pK a2 = 9.9) concerns the N(4) hydrogen [6] .
The infrared spectra of the ligand (Table 3 ) are characterized by a strong, broad absorption due to stretching vibrations of both the carbonyl groups, centred at 1715, 1679 and 1644 cm À1 in the spectra of H 2 tpO 2 , NaHtpO 2 and Na 2 tpO 2 , respectively.
The greater stability of the C(6) compared to the N(4) first deprotonation was confirmed by our DFT calculations, showing that the HtpO À 2 isomer A is more stable, of 31.9 kJ/mol, than HtpO À 2 B (see Fig. 3 ). While the neutral and monoanionic form of the H 2 tpO 2 ligand have been previously characterized both experimentally and by semi-empirical quantum chemical calculations [6] , the structure of the dianionic form has not been up to date considered. Quite obviously, the ring planarity is preserved in all the systems investigated. The enolic character, hence the coordination strength toward hard metals, of the oxygen hetero-atoms increases by increasing the negative charge of the molecule. This can be observed in Table 4 , by considering the increasing trend in the C-O bond length (of about 0.06 Å ) and, qualitatively, in the Mulliken negative charge on the oxygen atoms, by going from H 2 tpO 2 to tpO 2À 2 . This result is also supported by the monotonous lowering of the calculated IR frequency of the stretching bands of the carbonyl groups (see Table 5 ), in agreement with the experimental IR data relative to NaHtpO 2 , Na 2 tpO 2 and n-Bu 2 Sn(tpO 2 ), compared to the isolated ligand (see Table 3 ). Following the results of our calculations, this trend is to be attributable mainly to the increasing of the enolic character of the carbonyl groups following the deprotonations of the hydrogen atoms, respectively, on C(6) and N(4).
A previous theoretical study [6] showed that the exocyclic oxygens, O (7) and O(5), are the primary coordination sites for HtpO where the ligand has a geometry virtually identical to the one present in its sodium salt. Its infrared spectrum is characterized by the presence of the carbonyl group stretching band at 1652 cm À1 . Comparing this value with that observed for NaHtpO 2 , the m(C@O) shift seems rather to be determined by the ionization of the ligand, than by metal coordination.
Triorganotin complexes, n-Bu 3 Sn(HtpO 2 ) (5) and Ph 3 Sn(HtpO 2 ) (6), exhibit similar infrared spectra, with the m(C@O) band centred at 1654 and 1661 cm À1 , respectively. O(7),N(1) bidentate coordination can be, however, ruled out on the basis of the 119 Sn Mö ssbauer quadrupole splitting values, which strongly suggest , characterized by a distorted trigonal bipyramidal trans-R 3 SnO 2 geometry with non-equivalent Sn-O bonds. Taking into account the different electron donor character of alkyl-and aryl-groups, the complexes n-Bu 3 Sn(HtpO 2 ) and Ph 3 Sn(HtpO 2 ) appear to be isostructural on the base of the Mö ssbauer parameters. According to the base character of the ligand donor atoms we can reasonably hypothesize a trans-O 2 R 3 SnO 2 structure for our complexes, HtpO À 2 bridging tin centres through O(7) and O(5) (see Fig. 2 ). Calculations of quadrupole splittings based on the point-charge formalism [33] , attributing to the ligand a pqs = 0. 13 Table 1 ). It is worth to note that the O(7)-N(1) chelation would give a fac-R 3 trigonal bipyramidal structure with a remarkably lower quadruple splitting. On the other hand, the polymeric nature of the products is supported by the circumstance that Ph 3 Sn(HtpO 2 ) exhibits an observable Mö ssbauer spectrum at room temperature.
Further evidences would in principle be deduced from the infrared spectra, on the basis, e.g., of tin-carbon stretching frequencies; unfortunately, due to the presence of many bands, it is not possible to assign with certainty the absorptions relative to tin-ligand vibrations. However, in the spectrum of the triphenyltin(IV) derivative 6, following Kriegsmann and Geissler [35] , we can attribute to phenyl group vibrations the bands at 1481 m and 1430 m (m(C-C)), at 1078m (b(C-H)), at 727s and 697s (c(C-H)) [35] .
Our structural hypotheses seem probable on the basis of the nature of the ligand and the chemistry of triorganotins and is fully supported by Mö ssbauer data.
The triorganotin derivatives 5 and 6, selected for the biological tests (see Section 3.4, antimicrobial activity) were also characterized in solution phase by means of 13 C NMR and 119 Sn Mö ssbauer spectroscopy. Owing to the low solubility in water, methanol solutions were employed; the tributyltin derivative, being considerably soluble, produced good NMR and Mö ssbauer spectra, while only satisfactory Mö ssbauer spectra (on the frozen saturated solution) were obtained for Ph 3 Sn(HtpO 2 ). The scarce solubility of 6 obviously didnÕt affect the biological assays, very little amounts of drug being requested (see experimental section). The spectral data in solution phase are reported in Table 2 . The 13 C NMR spectrum of n-Bu 3 Sn(HtpO 2 ) confirms the composition of the complex, and the value of the coupling constant j 1 J( 13 C-119 Sn)j, 454.5 Hz, indicates that the C 3 Sn unit maintains in methanol solution the same geometry assumed by the complex in the solid state, the C-Sn-C angle being 120° [36] . The same conclusion may be extracted, on the other hand, from the Mö ssbauer spectrum on the frozen solution, the hyperfine parameters being fully consistent with those relative to the solid state complex (see Tables 1 and 2 ). The Mö ssbauer data show also that the triphenyltin derivative maintains the trigonal bipyramidal structure in methanol solution. In order to evaluate if the complex is stable in aqueous solution, the Mö ssbauer spectrum of a frozen methanol/aqueous solution (2:1) of 5 was measured; as shown in Table 2 , the Mö ssbauer parameters still fully agree with those relative to the solid state complex. We can conclude that the complexes tested for biological activity Table 4 Geometrical parameters (bond distances, in Å , and angles, in°) and Mulliken charges (Q) (in a.u.) on selected atoms, calculated at DFT level (see text) for the compounds shown in Fig. 3 H 2 tpO 2 HtpO À1 ; C mean = 0.91 mm s À1 ) typical of trans-R 2 octahedral structures. The complex exhibits observable Mö ssbauer spectrum at room temperature suggesting a polymeric nature. On the other hand, considering the stoichiometry of the compound, only a polymeric structure would justify the observed nuclear quadrupole splitting, as only a bridged coordination of the ligand would allow an octahedral arrangement of ligand atoms around tin.
A trans-R 2 octahedral structure implies that the ligand chelates two organotin(IV) moieties. A donor atoms couple would be obviously O(7)-N(1), while the other one could be either O(5)-N(4) or N(4)-N(3). Moreover, there is a consequent ambiguity about the mutual disposition of the chelating ligands in the equatorial plane. The infrared spectrum of the complex show a strong, broad band centred at 1629 cm À1 (see Table 3 ) attributable to carbonyl stretching frequencies. The observed shift is consistent with the presence of the dianionic form of the ligand, tpO 2À 2 .
With the aim to explain the experimental results in terms of structural properties of this complex, quantum chemical calculations by the ONIOM method have been performed on two model systems of the polymeric n-Bu 2 Sn(tpO 2 ) complex, shown in Fig. 4 . The two isomeric trans-n-Bu 2 octahedral structures, n-Bu 2 Sn-(tpO 2 )_A and n-Bu 2 Sn(tpO 2 )_B in Fig. 4 , involve the N(1), O (7) and N(4), O(5) bis-chelate coordination, with, respectively, cis-O 2 and trans-O 2 disposition of the equatorial ligands.
Preliminary DFT calculations performed on the n-Bu 2 SnðtpO 2 Þ 2À 2 anion allowed us to rule out the possible chelating coordination through the atoms N(4), N(3). In fact, the two corresponding structures were more than 60 kJ/mol less stable than the structure of lowest energy minimum found, i.e., the one with the coordination observed for n-Bu 2 Sn(tpO 2 )_A. Among the two possible isomeric structures considered (see Fig. 4 ), the cis-O 2 coordination, corresponding to n-Bu 2 Sn(tpO 2 )_A, is more stable of about 18 kJ/mol compared to the trans-O 2 coordination, corresponding to n-Bu 2 Sn(tpO 2 )_B. Moreover, the calculated nuclear quadrupole splitting value relative to n-Bu 2 Sn(tpO 2 )_A is in much better agreement with the experimental value of DE, compared to the one calculated for n-Bu 2 Sn-(tpO 2 )_B (see Table 6 ). These results strongly support the hypothesis of trans-di-n-butyl, cis-O 2 distorted octahedral coordination geometry for the investigated compound.
A further support to such coordination geometry also comes from the polymeric structure obtained in the solid state for the complex NaHtpO 2 [6] . The X-ray crystallographic analysis showed the involvement of a similar coordination of the metal atom through N(1), O(7), O(5) and of the protonated N(4) atom through hydrogen bond to a coordinated water molecule. It is probable that the hard character of sodium and tin(IV) leads to the preferential coordination of the highly negatively charged oxygen atoms compared to the N(3) atom.
3.4. Antimicrobial activity n-Bu 3 Sn(HtpO 2 ) and Ph 3 Sn(HtpO 2 ), 5 and 6, and their organotin precursors n-Bu 3 SnOCH 3 and Ph 3 SnOH, were screened for their in vitro antimicrobial activity on a group of representative Gram-positive, Gram-negative bacteria and on two human pathogen fungal strains. The antimicrobial activities of the substances, expressed as minimum inhibitory concentration, are reported in Table 7 .
A good activity (MIC equal to 3.1 lg/mL) against S. epidermidis is exhibited by 5 better than the parent organotin(IV) compound, n-Bu 3 SnOCH 3 .
6 possessed a good activity as anti Gram positive while its parent Ph 3 SnOH resulted inactive at the maximum tested concentration. We also observed a good antifungal activity for 6, with MIC values of 0.78 against both strains of C. albicans and C. tropicalis.
A good antifungal activity was also shown by nBu 3 Sn(HtpO 2 ) (5), with MIC values of 0.78 and 1.5 lg/mL against C. albicans and C. tropicalis, respectively, although its organotin precursor n-Bu 3 SnOCH 3 resulted equally active against C. albicans and with a slight better activity against C. tropicalis (MIC 0.78 lg/mL).
C. albicans is an opportunistic pathogen with a great capacity to pass from commensalisms to virulence; in this transition the formation of germ tube is a key feature [37] , so we extended our investigation by examining the anti-germ tube formation effect of derivatives nBu 3 Sn(HtpO 2 ) (5), n-Bu 3 SnOCH 3 and Ph 3 Sn(HtpO 2 ) (6) at concentrations equal to MIC, 2 · MIC and 4 · MIC. The germ-tube inhibition is summarized in Table 8 . n-Bu 3 Sn(HtpO 2 ) possesses a significant activity at concentrations of 3 and 1.5 lg/mL, corresponding to 4 · MIC and 2 · MIC, respectively, but a lower activity at 0.78 lg/mL, equal to MIC. Its organotin precursor nBu 3 SnOCH 3 showed an interesting activity also at MIC concentration of 0.78 lg/mL, while Ph 3 Sn(HtpO 2 ) resulted not effective as anti germ-tube formation at MIC concentration.
The germ tube formation is a virulence factor that plays a role in the formation of biofilms of C. albicans too [38] . Hence, the antibiofilm properties of nBu 3 Sn(HtpO 2 ) have been also tested, at concentrations ranging from 25 to 0.78 lg/mL, against a preformed Table 6 Relevant geometrical parameters (bond distances, in Å , and angles, in°) relative to the central tin environment of the two isomer model systems, n-Bu 2 Sn(tpO 2 )_A and n-Bu 2 Sn(tpO 2 )_B, shown in Fig. 4 biofilm of C. albicans. Although the MIC value was good against the planktonic form of C. albicans, we reported a weak activity at concentration equal to MIC against biofilm of the same strain, in fact we only observed an interesting antibiofilm effect at concentrations 16 · MIC or more (see Fig. 5 ). Candida albicans infections often involve the formation of biofilms on implanted devices or on tissue surfaces, such infections are difficult to treat, because biofilms are resistant to a wide range of current antifungal agents [39] . There is therefore an urgent need to develop new agents and we think that n-Bu 3 Sn(HtpO 2 ) might represent a lead compound for developing antifungal and antibiofilm agents. ns: not significant; the values are the mean of at least three independent determinations; coefficient of variation was less than 15%. Fig. 5 . In vitro inhibition percentages on C. albicans ATCC10231 biofilm by n-Bu 3 Sn(HtpO 2 ) (5). Values are the average of at least three independent determinations. Coefficient of variation was less than 15%.
